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CHRONIC TOXICITY SUMMARY

HYDROGEN CHLORIDE
(Hydrochloric acid; anhydrous hydrogen chloride; muriatic acid)

CAS Registry Number: 7647-01-0

I. Chronic Reference Exposure Level

Inhalation reference exposure level 9 µg/m3 (6 ppb)
Critical effect(s) Hyperplasia of nasal mucosa, larynx, and trachea

in rats
Hazard index target(s) Respiratory system

II. Physical and Chemical Properties (CRC, 1994; HSDB, 1999)

Description Colorless gas or colorless liquid
Molecular formula HCl
Molecular weight 36.46
Density 1.49 g/L @ 25° C
Boiling point -84.9° C (HCl gas)
Melting point -114.8° C (HCl gas)
Solubility Soluble in water, alcohol, benzene, ether;

insoluble in hydrocarbons
Conversion factor 1 ppm = 1.49 mg/m3 at 25°C

III. Major Uses or Sources

Hydrogen chloride (HCl) is used in the manufacture of vinyl chloride, fertilizers, dyes, artificial
silk, and pigments for paints.  It is also used in electroplating, soap refining, and leather tanning.
Other consumers of HCl include the photographic, textile and rubber industries (HSDB, 1999).

Hydrogen chloride is produced in large quantities during combustion of most materials and
especially materials with a high chlorine content.  Thus, HCl is a major product formed during
the thermal decomposition of polyvinyl chloride, a commonly used plastic polymer (Burleigh-
Flayer et al., 1985).  It is also released in large quantities during the test firing of some rocket
and missile engines (Wohlslagel et al., 1976).  Since HCl is extremely hygroscopic, it generally
exists as an aerosol in the ambient atmosphere.  The annual statewide industrial emissions from
facilities reporting under the Air Toxics Hot Spots Act in California based on the most recent
inventory were estimated to be 2,570,888 pounds of HCl (CARB, 1999b).
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IV. Effects of Human Exposure

Few reports are available on the effects of chronic HCl exposure on humans.  Bleeding of the
nose and gums and ulceration of the mucous membranes was observed following repeated
occupational exposure to HCl mist at high but unquantified concentrations (Stokinger, 1981).

In another report, workers exposed to various mineral acids, including HCl, exhibited etching
and erosion of the front teeth (Ten Bruggen Cate, 1968).  Dental erosion was noted in 176 of 555
(32%) workers examined between 1962 and 1964, and progressive erosion was reported in 66 of
324 (20%) workers examined repeatedly.  Rates of active erosion were highest (50%) in the most
highly-exposed category (battery formation workers), intermediate (23%) in an intermediate-
exposure category (picklers), and low (7%) in a low-exposure category (other processes).  Grade
1 erosion (enamel loss) was noted in workers exposed for greater than 3 months; grade 2 erosion
(loss of enamel and dentine) was noted after 2.5 to 5 years exposure; and grade 3 (loss of enamel
and dentine with exposure of secondary dentine) was noted after six or more years of exposure.

V. Effects of Animal Exposure

Male Sprague-Dawley rats were exposed to 10 ppm HCl for 6 hours per day, 5 days per week
over their lifetime (Sellakumar et al., 1985).  No differences in body weights or survival were
observed between 99 exposed and 99 control animals.  Increased incidences of hyperplasia of the
nasal mucosa (62/99 vs. 51/99), larynx (22/99 vs. 2/99), and trachea (26/99 vs. 2/99) were
observed in exposed rats compared to air-exposed controls.

A 90-day inhalation study using B6C3F1 mice and Sprague-Dawley and Fisher 344 rats exposed
the animals (groups of 31 males and 31 females for each species and strain) to 10, 20, or 50 ppm
HCl for 6 hours per day, 5 days per week over 90 days (Toxigenics, 1984). Several animals died
during the study, though the deaths were not considered to be exposure related. A slight but
significant decrease in body weight gain was reported in male and female mice and in male
Fischer 344 rats in the high-exposure groups.  No effect were noted in hematology, clinical
chemistry, or urinalysis. Minimal or mild rhinitis was observed in both strains of rats
Concentration- and time-related lesions were noted in the anterior portion of the nasal cavity of
exposed rats.  Cheilitis, eosinophilic globules in the nasal epithelium and accumulation of
macrophages in the peripheral tissues were observed in mice of all exposed groups.  This study
thus observed a LOAEL for both mice and rats of 10 ppm.  The U.S. EPA considered this study
supportive of the portal-of-entry effects observed at 10 ppm in the lifetime rat study (USEPA,
1999).  Female rats (8-15/group) exposed to 302 ppm HCl for 1 hour either 12 days prior to
mating or on day 9 of gestation exhibited severe dyspnea and cyanosis; the exposure was lethal
to one-third of the exposed animals (Pavlova, 1976).  Fetal mortality was significantly higher in
rats exposed during pregnancy.  Organ functional abnormalities observed in offspring exposed at
2-3 months of age were reported to be similar to those observed in the exposed dams.

Female rats were exposed to 302 ppm HCl for 1 hour prior to mating (GEOMET Technologies,
1981).  Exposure killed 20 to 30% of  the rats.  In rats surviving 6 days after exposure, a decrease
in blood oxygen saturation was reported, as were kidney, liver, and spleen effects. Estrus cycles
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were also altered. In rats mated 12-16 days postexposure and killed on day 21 of pregnancy, a
decrease in fetal weight, an increase in relative fetal lung weights, and reduced  numbers of live
fetuses were observed.

VI. Derivation of Chronic Reference Exposure Level

Study Sellakumar et al., 1985
Study population Sprague-Dawley rats (100 males)
Exposure method Discontinuous whole-body inhalation (0 or 10

ppm)
Critical effects Hyperplasia of the nasal mucosa, larynx and

trachea
LOAEL 10 ppm
NOAEL Not identified
Exposure continuity 6 hours per day, 5 days per week
Average experimental exposure 1.8 ppm for LOAEL group
Human equivalent concentration  0.57 ppm (gas with extrathoracic respiratory

effects, RGDR =0.32, based on rat
MVa = 0.33 L/min, MVh = 13.8 L/min,
SAa(ET) = 15 cm2); Sah = 200 cm3) (U.S.
EPA, 1994)

Exposure duration Lifetime
LOAEL uncertainty factor  3 (<30% incidence; mild effect)
Subchronic uncertainty factor 1
Interspecies uncertainty factor  3
Intraspecies uncertainty factor 10
Cumulative uncertainty factor  100
Reference Concentration (RfC) 0.006 ppm (6 ppb; 0.009 mg/m3; 9 µg/m3)

Both extrathoracic and tracheobronchial effects have been associated with exposures to hydrogen
chloride.  The REL was based on extrathoracic effects as humans are predicted to be relatively
more susceptible to the effects of hydrogen chloride in that region.  An intermediate LOAEL
factor was used as the effects were both mild and occurring at a low incidence at the dose tested.

VII. Data Strengths and Limitations for Development of the REL

The USEPA based its RfC of 7 µg/m3 on the same study.  U.S. EPA evaluated this RfC as a
having a low level of confidence because of (1) the use of only one dose; (2) limited toxicity
evaluation; (3) the lack of reproductive toxicity data; and (4) the lack of chronic exposure studies
(U.S. EPA, 1994).  OEHHA agrees with this assessment.  The database for chronic exposure to
this common chemical is limited.
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